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ABSTRACT 

The pho toemiss ive  p r o p e r t i e s  of Fe ,  Mo, Cu, N i ,  and A 1  have been 
0 0 

i n v e s t i g a t e d  a t  t h e  wave leng ths  584 A,  and 1216 A.  R a d i a t i o n  from a  

H i n t e r r e g e r - t y p e  d i s c h a r g e  lamp, employing He o r  H a s  r e q u i r e d ,  was 
2 

d i s p e r s e d  i n  a  1-meter vacuum monochromator, and t h e  a p p r o p r i a t e  wave- 

l e n g t h s  were made i n c i d e n t  on samples  which had undergone a  wide r a n g e  

o f  p l a s t i c  de format ion .  Both t h e  p h o t o e l e c t r i c  y i e l d  and t h e  energy  

d i s t r i b u t i o n  of e m i t t e d  e l e c t r o n s  were c o r r e l a t e d  w i t h  t h e  d e f e c t  con- 

c e n t r a t i o n s  e x i s t i n g  i n  t h e s e  samples .  

The y i e l d  of A1 a t  584 A d e c r e a s e d  monoton ica l ly ,  w h i l e  t h a t  f o r  A1 
a 

a t  1216 A went through an obvious  maximum b e f o r e  d e c r e a s i n g .  The y i e l d  
0 

o f  N i  a t  1216 A v a r i e d  u n p r e d i c t a b l y ,  though i t  tended toward lower v a l u e s  

w i t h  i n c r e a s i n g  d e f e c t  c o n c e n t r a t i o n .  Other  y i e l d s  were  approx imate ly  con- 

s t a n t ,  though t h e  o b s e r v a t i o n s  cannot  be  c o n s i d e r e d  f i n a l  because  of l i m i -  

t a t i o n s  i n  t h e  e x p e r i m e n t a l  approach.  These a r e  d i s c u s s e d ,  and some g e n e r a l  

e f f e c t s  a r e  d e s c r i b e d ,  as a r e  t h e  needed remedies .  

The e l e c t r o n  energy s p e c t r a  were determined t o  b e  r e l a t i v e l y  independ- 

e n t  of d i s l o c a t i o n  d e n s i t y  e x c e p t  f o r  t h e  v e r y  obvious  changes a p p a r e n t  i n  
0 

Mo a t  1216 A. The observed v a r i a t i o n s  were t o o  l a r g e  t o  b e  a t t r i b u t e d  t o  

i n s t r u m e n t a l  u n c e r t a i n t i e s ,  and do r e p r e s e n t  r e a l  e f f e c t s .  



FOREWORD 

The r e s e a r c h  d e s c r i b e d  h e r e i n  was performed by p e r s o n n e l  of t h e  
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l a b o r a t o r y  i n  March 1969 and assumed p r i n c i p a l  r e s p o n s i b i l i t y  f o r  f u r t h e r  
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1 INTRODUCTION AND BACKGROUND 

1.1 The Photoemissive Process  

The mechanisms which govern photoemission s t i m u l a t e d  by extreme 

u l t r a v i o l e t  (EUV) r a d i a t i o n  a r e  r a t h e r  w e l l  understood i n  p r i n c i p l e .  le7 

I f  t h e  EW r a d i a t i o n  is  i n c i d e n t  wi th  i n t e n s i t y  I on a  s u r f a c e ,  t h e  
0 

i n t e n s i t y  I ( x )  a t  any depth x depends upon t h e  i n t e n s i t y  a t t e n u a t i o n  

c o e f f i c i e n t  a and t h e  s u r f a c e  r e f l e c t a n c e  p ,  

6 -1 
Though i t  may vary  wide ly ,  a  t y p i c a l  f i g u r e  f o r  a  i s  % 10 cm . p l i k e -  

wise v a r i e s  wide ly ,  be ing  s e n s i t i v e  t o  s u r f a c e  topography, wavelength, 

and a n g l e  of i nc idence .  

I ( x )  is a l s o  r e p r e s e n t a t i v e  of t h e  i n i t i a l  s p a t i a l  d i s t r i b u t i o n  of 

photo-exci ted e l e c t r o n s  i f  da/dx = 0 .  For f i r s t o r d e r  t rea tment ,  i t  i s  

g e n e r a l l y  assumed t h a t  t h e  c r y s t a l  momentum v e c t o r s  of those  e l e c t r o n s  

a r e  d i s t r i b u t e d  i s o t r o p i c a l l y .  It is  f u r t h e r  assumed t h a t  t h e  i n e l a s t i c  

s c a t t e r i n g ,  which degrades t h e  e l e c t r o n  energy,  i s  a l s o  i s o t r o p i c .  The 

r a t i o n a l e  of t h e s e  and o t h e r  assumption has  been t r e a t e d  i n  t h e  l i t e r a t u r e  

by Berglund and s p i c e r 6  and ~ a n e ~  among o t h e r s .  

C l e a r l y ,  it is  n o t  s u f f i c i e n t  f o r  emission t h a t  an e l e c t r o n  w i t h i n  

t h e  EW t a r g e t  be s t i m u l a t e d  t o  an energy l e v e l  exceeding the  vacuum 

l e v e l  of t h a t  m a t e r i a l .  The e l e c t r o n  must a l s o  1 )  possess  a  c r y s t a l  mo- 

mentum component p normal t o  t h e  e m i t t i n g  s u r f a c e  such t h a t  pz2/2m + 
z 

V 2 - 0 ,  where V i s  t h e  l o c a l  (averaged) p o t e n t i a l ;  2) exper ience  no e l a s t i c  

o r  i n e l a s t i c  c o l l i s i o n s  which r e s u l t  i n  p  < i n  i t s  pa th  t o  t h e  
z 

s u r f a c e ;  3) s u c c e s s f u l l y  t r a n s i t  t h e  s u r f a c e  p o t e n t i a l  b a r r i e r  a t  which 

t h e r e  e x i s t s  a  f i n i t e  p r o b a b i l i t y  R of  r e f l e c t i o n .  

These f a c t o r s  have been t r ea t ed6 -8  i n  a  one-dimensional approximation. 

The t h e o r e t i c a l  models t ake  cognizance of  t h e  s c a t t e r i n g  events  by adopt ing  

a  p a i r - c r e a t i o n  l eng th  R and a  phonon-scat ter ing l eng th  R which 
p a i r  phonon 

a r e ,  r e s p e c t i v e l y ,  nominal e l e c t r o n  " f r e e  pa ths"  between p a i r - c r e a t i o n  and 

phonon emission even t s .  The terms a r e  convenien t ly  combined t o  g ive  a  

r e c i p r o c a l  s c a t t e r i n g  l e n g t h  c ,  



Inc luding  the  r e f l e c t i o n  term and a  f a c t o r  of 1 / 2  t o  account f o r  

t h e  50% p r o b a b i l i t y  t h a t  t h e  e l e c t r o n  i s  e x c i t e d  wi th  a  momentum com- 

ponent d i r e c t e d  toward t h e  s u r f a c e ,  t h e  p r o b a b i l i t y  t h a t  an e l e c t r o n  

reaches a  s u r f a c e  x  u n i t s  away and does so  wi thout  c o l l i s i o n  is  s imply,  

Recursive r e l a t i o n s  may be  developed, g iv ing  t h e  p r o b a b i l i t y  P (x) n  
t h a t  t h e  e l e c t r o n  reaches the  s u r f a c e  a f t e r  exac t ly  n  c o l l i s i o n s .  To 

o b t a i n  t h e  average p r o b a b i l i t y  of escape Q by an e x c i t e d  e l e c t r o n ,  

t h e s e  P a r e  summed 0 < n < Berglund and s p i c e r 6  and ~ a n e ~  conclude 
n  - - 

with s i m i l a r  express ions ,  9 

where p r Jc2-a c  , 

The p o i n t  t o  be  emphasized h e r e  i s  n e i t h e r  t h e  i n t e r p r e t a t i o n  of B 

o r  p, nor t h e  d e t a i l s  of t h e  d e r i v a t i o n ;  t hese  a r e  t r e a t e d  elsewhere. 

Rather ,  i t  i s  t h e  appearance of t h e  escape p r o b a b i l i t y  Q a s  a  s imple  

func t ion  of EUV abso rp t ion ,  phonon and pa i r - c rea t ion  and s u r f a c e  r e f l e c -  

t i o n  c o e f f i c i e n t .  

1.2 - The Inf luence  - of D i s loca t ions  

We hypothesize t h a t  t h e r e  w i l l  b e ,  i n  a  non-ideal  c r y s t a l ,  s c a t t e r i n g  

events  due t o  t h e  imperfect  s t a t e  of t h e  c r y s t a l l i n e  l a t t i c e ,  and t h a t ,  

by analogy wi th  t h e  t rea tment  of t he  i d e a l  case ,  a  s c a t t e r i n g  l eng th  R 
i 

can be a sc r ibed  t o  each type of event .  Hence, 

C -------+ - 1 1 
R R 

+ C - .  
p a i r  phonon i 



The p r e s e n t  work was begun on t h e  premise  t h a t  t h e  d i s l o c a t i o n s  

w i t h i n  a  p h o t o e m i t t e r  a r e  t h e  o c c a s i o n s  f o r  such  s c a t t e r i n g  e v e n t s ,  and 

t h a t  t h e  p h o t o e l e c t r i c  y i e l d  is  changed the reby .  The chemica l ly  u n s a t -  

u r a t e d  o r  "dangl ing"  bonds a l o n g  an edge d i s l o c a t i o n  c e r t a i n l y  w i l l  b e  

c e n t e r s  f o r  i n e l a s t i c  s c a t t e r i n g .  The l a t t i c e  d i s c o n t i n u i t i e s  a t  b o t h  

c r y s t a l l i t e  and g r a i n  boundar ies  p a r t i a l l y  r e f l e c t  e l e c t r o n  waves, 

s c a t t e r i n g  t h e  e l e c t r o n s  e l a s t i c a l l y .  The former  c a s e  w i l l  r educe  t h e  

quantum y i e l d  w h i l e  t h e  s i g n  of t h e  l a t t e r  e f f e c t  i s  n o t  p r e d i c t a b l e .  

The quantum y i e l d  may be a f f e c t e d  a l s o  by t h e  p r e s e n c e  of r e l a t i v e l y  

open channe l s  a l o n g  g r a i n  b o u n d a r i e s .  These would b e  t o o  s m a l l  t o  b e  
0 

I t  seen"  by t h e  r a d i a t i o n ,  s i n c e  A % 1000 A ,  b u t  would b e  l a r g e  enough t o  

i n c r e a s e  t h e  a v e r a g e  e l e c t r o n  f r e e  p a t h .  The most s i g n i f i c a n t  change 

would b e  produced by channe l s  approx imate ly  normal  t o  t h e  e m i t t i n g  s u r f a c e .  

The y i e l d  may b e  a f f e c t e d  i n  o t h e r  ways. 1 )  The i n t e r s e c t i o n  of 

d i s l o c a t i o n s  w i t h  t h e  s u r f a c e  produces  a m i c r o - s t r u c t u r e  which may a l t e r  

t h e  e f f e c t i v e  work f u n c t i o n ,  t h e  r e f l e c t a n c e  p ,  and t h e  e l e c t r o n  r e f l e c -  

t i o n  c o e f f i c i e n t  R.  2) A d d i t i o n a l  change i n  t h e  work f u n c t i o n  w i l l  b e  

produced by t h e  p r e s e n c e  of a s t r a i n  f i e l d  a t  t h e  s u r f a c e ,  as shown by 

Andreev and P a l i g e ,  l o  D i l l o n  and  Oman, Wainf an e t  a l ,  l 2  and Farnswor t h  

and co-workers . 3-1 

The i n t e r p l a y  o f  t h e s e  f a c t o r s  w i l l ,  i n  p r i n c i p l e ,  a f f e c t  b o t h  t h e  

y i e l d  and t h e  energy  d i s t r i b u t i o n  ~ N ( E ) / ~ E  o f  e m i t t e d  e l e c t r o n s .  'Th i s  

r e p o r t  summarizes o b s e r v a t i o n s  o f  b o t h  y i e l d  and energy  d i s t r i b u t i o n s  f o r  

a  number of m e t a l s  w i t h  v a r y i n g  d i s l o c a t i o n  d e n s i t i e s .  

1 .3 Energy D i s t r i b u t i o n  of Pho toe l . ec t rons  - 

S p i c e r  and c o - w o r k e r ~ l ~ - ~ ~  have shorm t h e  v a l u e  of s t u d y i n g  t h e  

energy  d i s t r i b u t i o n  of p h o t o e l e c t r o n s  (EDPE). T h e i r  s t u d i e s  were d i r e c -  

t e d  1 )  toward an  u n d e r s t a n d i n g  of t h e  p h o t o - e x c i t a t i o n  p r o c e s s ,  and 2) 

measurement of t h e  d e n s i t y  of s t a t e s  i n  t h e  v a l e n c e  and conduc t ion  bands 

of a number of m a t e r i a l s .  

The p r e s e n t  work tests t h e  hypotheses  1 )  t h a t  p l a s t i c  de format ion  

and t h e  r e s u l t a n t  g e n e r a t i o n  o f  d e f e c t s  a l t e r  t h e  quantum y i e l d  o f  a  



p h o t o e m i t t e r ,  and 2 )  t h a t  t h e  EDPE i s  modif ied i n  a d e t e c t a b l e  way. We 

c o n s i d e r  h e r e  t h e  p rocedure  t o  b e  fo l lowed  i n  making EDPE o b s e r v a t i o n s .  

>t 
When an e f f e c t i v e  r e t a r d i n g  v o l t a g e  V is a p p l i e d  between photo- 

k 
e m i t t e r  and c o l l e c t o r ,  o n l y  t h o s e  e l e c t r o n s  having energy  E  - > e V  w i l l  

r e a c h  t h e  c o l l e c t o r .  Denote by N(E) t h e  number of e l e c t r o n s  w i t h  energy 

i n  t h e  d i f f e r e n t i a l  r ange  between E  and E  f dE. The measured c u r r e n t  i s ,  

* 
Because t h e  V -dependence e n t e r s  as a  r e s u l t  of t h e  lower  l i m i t  of  i n t e -  * 
g r a t i o n ,  t h e  d e r i v a t i v e  o f  I (V ) g i v e s  t h e  EDPE, 

* 
The e f f e c t i v e  r e t a r d i n g  v o l t a g e  V i s  t h e  sum of t h e  t r u e  a p p l i e d  

v o l t a g e  and t h e  c o n t a c t  p o t e n t i a l  d i f f e r e n c e  between c o l l e c t o r  and e m i t t e r .  

Hence, 

For  a c c u r a t e  measurements of N(E), t h e n ,  t h e  d i f f e r e n c e  4 -d must b e  
c  E 

known. Th is  requ i rement  p o i n t s  o u t  t h e  problems of  d e a l i n g  w i t h  1 )  poly- 

c r y s t a l l i n e  m a t e r i a l s  f o r  which a r a n g e  of 4's is p r e s e n t ,  2) s u r f a c e s  

w i t h  an  unknown s t a t e  o f  con tamina t ion ,  and 3) s u r f a c e  con taminan ts  whose 

c o n c e n t r a t i o n  may b e  t ime-dependent.  A s  i s  d i s c u s s e d  below, i t  i s  c l e a r  

t h a t  t h e s e  c i rcumstances  were  p r e s e n t  and t h a t  t h e y  a f f e c t e d  a d v e r s e l y  

Our measurements. 

EDPE a n a l y s e s  a r e  o r d i n a r i l y  performed w i t h  r e t a r d i n g  f i e l d s  hav ing  

p l a n e ,  c y l i n d r i c a l ,  o r  s p h e r i c a l  symmetry. However, t h e  t r u e  energy 

d i s t r i b u t i o n  is  measured o n l y  i n  a  s p h e r i c a l  r e t a r d i n g  f i e l d ,  on ly  i f  

t h e  e m i t t i n g  s p o t  is a t  t h e  c e n t e r  o f  symmetry, and on ly  i f  i t  h a s  a  

t y p i c a l  dimension much s m a l l e r  t h a n  t h e  e m i t t e r - c o l l e c t o r  s e p a r a t i o n .  

The l as t  requ i rement  i s  r e l a x e d  i n  a  m u l t i p l e  g r i d  sys tem which p e r m i t s  

b o t h  specimen and f i r s t  g r i d  t o  be  o p e r a t e d  a t  t h e  same p o t e n t i a l .  Th i s  

e l i m i n a t e s  t h e  e l e c t r i c  f i e l d  a t  t h e  s u r f a c e  of t h e  sample .  

None the less ,  p l a n e - p a r a l l e l  geometry i s  employed f r e q u e n t l y  because  

i t  s i m p l i f i e s  b o t h  c o n s t r u c t i o n  and a l ignment .  It is  wide ly  presumed 



t h a t  a  c l e a r  c o r r e l a t i o n  e x i s t s  between the  EDPE1s observed i n  t h i s  and 

i n  s p h e r i c a l  geometry. There i s  s u r e l y  a  q u a l i t a t i v e  r e l a t i o n :  one i s  

on s a f e  ground, f o r  example, t o  observe t h a t  t h e r e  w i l l  be  fewer low- 

energy e l e c t r o n s  i n  t h e  t r u e  EDPE than i n  t he  plane- o r  c y l i n d r i c a l -  

symmetry EDPE. However, i t  i s  l i k e w i s e  c l e a r  t h a t  t h e r e  i s  no unique 

a n a l y t i c a l  r e l a t i o n  between such EDPE's: a  v a r i e t y  of t r u e  EDPE1s ( i . e . ,  

measured i n  spherical ly-symmetr ic  f i e l d s )  can be prepared which w i l l  

produce a  s i n g l e  apparen t  EDPE ( i . e . ,  measured i n  non-spher ica l ly  symmetric 

r e t a r d i n g  f i e l d s ) .  

Hence, t h e  p o t e n t i a l  b e n e f i t s  of us ing  p l a n e - p a r a l l e l  geometry f o r  

EDPE ana lyses  must be  app ra i s ed  w i t h  cau t ion .  For pre l iminary  work, t h i s  

geometry s u f f i c e s  t o  r e v e a l  q u a l i t a t i v e  d i f f e r e n c e s  i n  EDPE1s; q u a n t i t a -  

t i ve  measurements, which l e a d  t o  an a t t r i b u t i o n  of EDPE d i f f e r e n c e s  t o  

s p e c i f i c  mechanisms, must be  performed i n  spherical ly-symmetr ic  r e t a r d i n g  

f i e l d s .  



2 EXPERIfifENTAL PROCEDURES 

2 . 1  Specimen -- Prepa ra t ion  

Table 1 summarizes t he  e s s e n t i a l  f a c t s  of specimen p u r i t y ,  anneal- 

i n g ,  deformation,  and s u r f a c e  p repa ra t ion .  Not i n d i c a t e d  a r e  t h e  d e t a i l s  

of mechanical po l i sh ing  f o r  which a s tandard  s e l e c t i o n  of decreas ing  g r i t  

s i z e  was employed, t h e  l a s t  s t e p  be ing  a po l i sh  wi th  0.5um alumina on 

f e l t .  

A pre-deformation anneal  i n su red  t h a t  a l l  specimens were i n i t i a l l y  

wi thout  r e s i d u a l  s t r a i n s .  Annealing temperatures  were chosen t o  b e  about 

65-75% of t h e  mel t ing  temperatures  except  f o r  t h e  Mo specimens. I n  t h i s  

case  cau t ion  i n  anneal ing furnace  use  p r o h i b i t e d  temperature i n  excess  of 

1300°C--about 55% of t he  Mo mel t ing  temperature.  Nonetheless,  t h e  Mo 

samples were expected t o  annea l  f u l l y  i n  f i v e  hours '  t ime. 

Before each experiment w i th  a g iven  sample, i t s  s u r f a c e  was e tched  a s  

i nd ica t ed .  ( I n  one s e t  of experiments on Fe, two e t chan t s  were a l t e r n a t e d  

and produced t h e  r e s u l t s  d i scussed  i n  Sec t ion  3) .  S u i t a b l e  r i n s e s  fol lowed,  

t h e  samples were d r i e d  i n  a h o t  a i r  b l a s t ,  and were mounted i n  t h e  mono- 

chromator e x i t  chamber, behind and c o a x i a l  w i th  t h e  va r ious  beam-defining 

s l i t s .  

Table 2 l i s t s  t he  c h a r a c t e r i s t i c s  of each of t h e  twenty-eight spec i -  

mens. The f i r s t  e n t r y  i s  always the  uns t r a ined  sample. The s t r a i n  E i s  

c a l c u l a t e d  d i r e c t l y  from the  r a t i o s  of i n i t i a l  t o  compressed th i cknesses ,  

R and 2 :  
0 

Hence, a specimen f o r  which t h e  th i ckness  has  been reduced t o  50% of i t s  

o r i g i n a l  va lue  would have been s t r a i n e d ,  i n  compression, by E = 0.69.  

The g r a i n  s i z e  i s  taken a s  t h e  average g r a i n  dimension, determined 

by o p t i c a l  microscopy of t h e  e tched  specimens. This measurement i s  

d i s t i n g u i s h e d  from t h a t  of t h e  average c r y s t a l l i t e  s i z e ,  The l a t t e r  i s  

performed by x-ray l ine-broadening a n a l y s i s , 2 2  and i t s  r e s u l t  i s  repre-  

s e n t a t i v e  of t he  s c a l e  over which t r u e  c r y s t a l l i n e  o rde r  i s  main ta ined . '  



TABLE 1 

SPECIMEN PREPARATION 

Sample 

Source 

Nom. P u r i t y  

P r i n c i p l e  
lmpuri t i e s  
(by wght) 

Anneal : 

P r e s s u r e  

Temperature 

Durat ion 

NICKEL 

PRC-VP Grade 

5 x 1 0 - ~  t o r r  

1090 "C 

5 h r s .  

IRON MOLYBDENUM 

MRC-VP Grade MRC-VP Grade 

~ X I O - ~  ~ X I O - ~  

1100" C 1300 

5 h r s .  5 h r s .  

ALTJXINUM COPPER 

MRC-MARZ Grade Commercial OFHC 

5 x 1 0 - ~  t o r r  

300" C 

5 h r s .  

Deformation 0 - < E - < 1.00 O < ~ < 1 . 0 0  - - O < ~ < 0 . 7 0  - - 0 < E < 1.37 - - 

3 x 1 0 ~ ~  

750°C 

5 h r s .  

Etchant  HNO :Acetic:  3 H20 :HNO3 
HC1:H202 NaOH 

Acetone 1:l 1:l ( d i l u t e )  
1: 1: 1 



TABLE 2 

STRUCTURAL CHARACTERISTICS OF PHOTOEM1TTERS;FROM 
DIFFRACTOMETER LINE-BROADENING ANALYSIS 

S t r a i n  G r a i n  C r y s t a l l i t e  L a t t i c e  D i s l o c a t i o n  
S a m p l e  ( C o m p r e s s i o n )  S i z e  S i z e  S t r a i n  D e n s i t y  

7 . 7 7  urn 
0 . 6 3 0  
0 . 5 2 2  
0 . 3 5 1  
0 . 2 7 0  
0 . 2 3 0  



Hence, w i t h i n  a  s i n g l e  g r a i n ,  t h e r e  a r e  numerous c r y s t a l l i t e s  s e p a r a t e d  

from one a n o t h e r  by low-angle g r a i n  b o u n d a r i e s .  Whereas g r a i n  s i z e  is  

r e l a t i v e l y  independen t  o f  co ld  work, one expects--and measurements sub- 

s t a n t i a t e  t h i s - - t h a t  t h e  c r y s t a l l i t e  d e n s i t y  w i l l  d e c r e a s e  r a p i d l y  as t h e  

samples  a r e  s t r a i n e d .  

The l ine -broaden ing  measurements were  performed on a  General  E l e c t r i c  

XRD-5 x-ray u n i t ,  i n c l u d i n g  d i f f r a c t o m e t e r ,  u s i n g  Cu K - r a d i a t i o n  a t  room 

t e m p e r a t ~ r e . ~ ~  C a l c u l a t i o n  of c r y s t a l l i t e  s i z e  and d i s l o c a t i o n  d e n s i t y  

were made u s i n g  s t a n d a r d  methods. 3-2 

The r e s i d u a l  l a t t i c e  s t r a i n  Ad/d f o l l o w s  immediate ly  from t h e  

d i f f e r e n t i a l  of  Bragg ' s  Law: 

A(1og nh) = 0 = A(2d s i n  0)  

Ad A 0 = -  
d  t a n  O ' 

The e x p e r i m e n t a l  s t e p s  r e q u i r e  t h a t  t h e  a n g u l a r  w i d t h  6 a t  h a l f  maximum 

i n t e n s i t y  o f  t h e  d i f f r a c t i o n  l i n e  b e  de te rmined  and t h a t  t h e y  b e  c o r r e c t e d  

f o r  i n s t r u m e n t a l  b roaden ing ,  t h e  l a t t e r  r e q u i r i n g  l i n e  w i d t h s  from a  W 

powder sample.  Then A0 = 6/2.  

2.2 I n s t r u m e n t a t i o n  

A l l  pho toemiss ion  s t u d i e s  were  performed i n  a  1-meter vacuum mono- 

chromator c o n s t r u c t e d  by p e r s o n n e l  of t h e  Syracuse  U n i v e r s i t y  Research 

C o r p o r a t i o n ,  and s c h e m a t i c a l l y  d e p i c t e d  i n  F i g u r e  1. R a d i a t i o n  i s  pro- 

duced i n  a H i n t e r r e g e r  t y p e ,  h i g h  energy ,  vacuum u l t r a v i o l e t  d i s c h a r g e  

lamp.27 This  f low-through t y p e  lamp p e r m i t s  use  of a  v a r i e t y  of g a s e s  and 

m i x t u r e s  o f  g a s e s .  Accord ing ly ,  one h a s  a  wide c h o i c e  o f  l i n e  and con- 

t i n u o u s  s p e c t r a .  We c o n f i n e d  our  use  t o  low p r e s s u r e  d i s c h a r g e s  i n  

hydrogen and he l ium,  and w e  employed t h e  Lyman-a r a d i a t i o n  from each-- 
0 

1216 and 584 A r e s p e c t i v e l y .  

There  could  b e  no "window" between lamp and monochromator because  a l l  
0 

m a t e r i a l s  a r e  opaque i n  t h e  vacuum u l t r a v i o l e t  beiow l o 5 0  ii. To preven,t  



FIG. 1--SURC EXTREME ULTRAVIOLET MONOCHROMATOR - SCHEMATIC. 



discharge-lamp gas from e n t e r i n g  the  main monochromator chamber, a d i f f e r -  

ential-pumping chamber s epa ra t ed  the  lamp from the  monochromator. The 

combination of a Roots blower and roughing pump maintained t h e  p re s su re  
-4 a t  10 t o r r  i n  t h i s  i n t e rmed ia t e  chamber. The main chamber p re s su re  i s  

- 5 
reduced t o  % 10 t o r r  by a water-baffeled,  s i l i c o n e - o i l  d i f f u s i o n  pump. 

This  chamber may b e  i s o l a t e d  from t h e  d i f f e r e n t i a l  chamber by s l i d e  

v a l v e  S1. 

The concave ' d i f f r a c t i o n  g r a t i n g  is 40 x 80 mm i n  s i z e ,  b i p a r t i t e  
0 

r u l e d  a t  1200 lines/mm, and b lazed  f o r  800 A ( i n  f i r s t  o r d e r ) .  I n c i d e n t  

and d i f f r a c t i o n  ang le s  a r e  nominally 45O, g iv ing  a r e c i p r o c a l  l i n e a r  
0 

d i spe r s ion  ( "p l a t e  f a c t o r " )  of 5 . 8  A/mm a t  t h e  variable-width e x i t  s l i t .  

The synchronous d r i v e  which p o s i t i o n s  t h e  g r a t i n g  i s  n o t  c a l i b r a t e d  

i n  terms such a s  wavelength ve r sus  angle ,  wi th  t h e  r e s u l t  t h a t  r e l i a b l e  

ope ra t ions  a r e  confined t o  t h e  few very  s t r o n g  l i n e s  i n  t he  c h a r a c t e r i s t i c  

s p e c t r a  of each gas.  I n  t h e  context  of t h e  p re sen t  experiment,  t h i s  is  

n o t  a major drawback s i n c e  photocurren ts  a r e  measured by an e l ec t rome te r  
-1 4 

which is  u s e f u l  t o  about  10 amp. Only the  s t r o n g e s t  and most r e a d i l y  

i d e n t i f i e d  l i n e s  supply photon f luxes  l a r g e  enough t o  produce c u r r e n t s  of 

t h i s  magnitude. I f  e l e c t r o n  m u l t i p l i c a t i o n  techniques were being used, 

weak, continuous s p e c t r a  could be employed and then accu ra t e  wavelength 

ve r sus  p o s i t i o n i n g  informat ion  would become r e q u i s i t e .  

F l e x i b l e  s e c t i o n s  i n  t h e  monochromator arms permit  t h e  c o r r e c t i o n  of 

misalignments;  o t h e r  such s e c t i o n s  (not  shown) i s o l a t e  t h e  chamber from 

v i b r a t i o n s  caused by t h e  roughing pumps and o t h e r  sources .  

The monochromator te rmina tes  i n  t he  e x i t  chamber, an 18" diameter  

b e l l  j a r  which i s  s e p a r a t e l y  evacuated and may be i s o l a t e d  from t h e  mono- 

chromator by t h e  s l i d e  va lve  S2. Addi t iona l  va lves  i s o l a t e  t h e  l i q u i d -  

n i t rogen- t rapped  d i f f u s i o n  pump from the  e x i t  chamber when the  l a t t e r  i s  
- 5 - 6 open t o  a i r .  Ex i t  chamber p re s su res  a r e  t y p i c a l l y  LO t o  10 t o r r .  

Specimens a r e  mounted i n  i n s u l a t e d  ho lde r s  supported by nylon f a s t e n e r s  

screwed i n t o  t h e  b e l l - j a r  base p l a t e .  

D e t a i l s  of t h e  va r ious  beam-defining s l i t s  i n  t he  e x i t  chamber a r e  

shown i n  F igure  2 .  The e x i t  s l i t  i s  approximately 0.500" x .020" and 

v a r i a b l e  i n  width.  Beyond the  e x i t  s l i t ,  t h e  beam i s  p a r t i a l l y  i n t e r c e p t e d  

by a .300t' loop of copper w i r e ,  producing, under EUV i l l u m i n a t i o n ,  a 





c u r r e n t  of p h o t o e l e c t r o n s - - t h e  "loop c u r r e n t " .  The i n n e r  d iamete r  o f  t h e  

l o o p  is s u f f i c i e n t l y  l a r g e r  t h a n  t h e  d iamete r  of t h e  n e x t  a p e r t u r e s - -  

0.240" compared t o  0.175"--that  t h e  EUV f l u x  t o  t h e  sample i s  independen t  

o f  t h e  p r e c i s e  a l ignment  of e x i t  s l i t  and loop .  Hence, t h e  loop  c u r r e n t  

is  a  moni to r  of t h e  EUV f l u x  t o  t h e  sample.  For  measurements o f  r e l a t i v e  

pho toemiss ion  y i e l d ,  i t  i s  r e q u i r e d  o n l y  t h a t  t h e  combinat ion of lamp 

power and s l i t  w i d t h s  b e  a d j u s t e d  t o  produce a p r e d e t e r m i n e d ,  f i x e d  loop  

c u r r e n t .  

Abso lu te  i n t e n s i t y  measurements o f  EUV f l u x ,  which would b e  needed 

i f  quantum yield--photoelectrons/incident photon--were d e s i r e d ,  r e q u i r e  a 

d e v i c e  such  a s  a gas  p h o t o i o n i z a t i o n  d e t e c t o r ,  o r  a d e t e c t o r  c a l i b r a t e d  

a g a i n s t  such  a s t a n d a r d .  

The f i n a l  c o l l i m a t i n g  a p e r t u r e  is  made somewhat l a r g e r  t h a n  t h e  two 

p r e c e d i n g  ones t o  i n s u r e  t h a t  t h e r e  are no p h o t o e l e c t r o n s  produced at i t s  

p e r i p h e r a r y .  Such e l e c t r o n s ,  i f  g e n e r a t e d ,  would confuse  t h e  r e t a r d i n g  

f i e l d  measurements.  There  i s  always a s m a l l  r e v e r s e  c u r r e n t ,  however, 

obse rved  under  deep r e t a r d i n g  c o n d i t i o n s  (eV > hv-ed) where no c u r r e n t  a t  

a l l  is expec ted .  I t  is a s c r i b e d  t o  p h o t o e l e c t r o n s  produced a t  t h e  c o l l e c t o r  

p l a t e  by r e f l e c t e d  photons  and  drawn t o  t h e  specimen by t h e  a p p l i e d  f i e l d  

(which i s  a r e t a r d i n g  f i e l d  f o r  e l e c t r o n s  produced a t  t h e  specimen) .  

F i g u r e  3 i s  a b l o c k  diagram and s c h e m a t i c  o f  t h e  pho toemiss ion  s t u d y  

i n s t r u m e n t a t i o n .  P h o t o c u r r e n t s  a r e  measured by t h e  sample picoammeter,** 

d i s p l a y e d  by a d i g i t a l  v o l t m e t e r  (DVM) ,29 and recorded  by a  * r i n t e r 3 0  

o p e r a t i n g  a t  up t o  5 l i n e s l s e c o n d .  

The p o t e n t i a l  o f  t h e  a c c e l e r a t o r  p l a t e  i s  de te rmined  by t h e  r e s i s t a n c e -  

programmed r e t a r d i n g  v o l t a g e  s o u r c e . 3 1  A p o s i t i v e  v o l t a g e  w i t h  r e s p e c t  t o  

t h e  specimen draws t h e  maximum o r  " s a t u r a t i o n "  c u r r e n t .  A n e g a t i v e  poten- 

t i a l  V p e r m i t s  c o l l e c t i o n  o f  on ly  t h o s e  e l e c t r o n s  w i t h  k i n e t i c  energy  

> e ( ~ + $ ~ - x ~ ) ,  a s  n o t e d  i n  t h e  i n t r o d u c t o r y  s e c t i o n .  A decade r e s i s t a n c e  
E k i n  - 
box connec ted  t o  t h e  a p p r o p r i a t e  t e r m i n a l s  of t h e  v o l t a g e  s o u r c e  de te rmine  

t h e  a p p l i e d  v o l t a g e .  The 1 m v / R  programming c o n s t a n t  was found t o  b e  q u i t e  

s t a b l e ,  and t h e  d e s i r e d  v o l t a g e  p o i n t s  could  b e  reproduced  q u i c k l y  and 

a c c u r a t e l y .  

The DVM-printer combinat ion,  used p r i n c i p a l l y  t o  d i s p l a y  and r e c o r d  

sample picoammeter r e a d i n g s ,  may b e  swi tched  t o  moni to r  a l s o  t h e  l o o p  





picoammeter,  t h e  r e t a r d i n g  v o l t a g e  and t h e  d i s c h a r g e  lamp c u r r e n t .  A 

r e c o r d  of t h e s e  v a r i a b l e s  i s  q u i t e  d e s i r a b l e  i n  r e c o n s t r u c t i n g  a3.l condi-  

t i o n s  p e r t i n e n t  t o  a  g iven  exper iment .  Not i n d i c a t e d  i n  F i g u r e  3 i s  t h e  

o p t i o n a l  DVM connec t ion  t o  an i o n i z a t i o n  gauge c o n t r o l l e r ,  t h e  l a t t e r  

b e i n g  used t o  measure e x i t  chamber p r e s s u r e s .  

2 .3  Conduct of t h e  Experiment -- 

The p r e p a r a t i o n  and c h a r a c t e r i z a t i o n  o f  specimens h a s  been d e s c r i b e d  

above. Th is  s e c t i o n  d e t a i l s  t h e  s tep-by-s tep r o u t i n e  of each exper iment  

o r  "run". 

The s u r f a c e  o f  each sample was e t c h e d  immediate ly  p r i o r  t o  a  s t u d y  

o f  i t s  p r o p e r t i e s .  The advan tage  i n  t h i s ,  b e g i n n i n g  an  exper iment  w i t h  

t h e  same nominal  s t a t e  o f  "contaminat ion" ,  w a s  o f f s e t  somewhat by t h e  

p o s s i b i l i t y  t h a t  v a r i a t i o n s  i n  s u r f a c e  r e f l e c t a n c e  from e t c h  t o  e t c h  would 

e x i s t  i n  a  g i v e n  sample.  I n  a l l  c a s e s ,  t h e  s u r f a c e s  e x h i b i t e d  a v e r y  

uniform and f i n e - g r a i n e d  appearance .  Th is  w i l l  b e  observed i n  some of t h e  

photographs  o f  F i g u r e  4 .  We d i d  n o t  a s s e s s  t h e  e x t e n t  of t o p o g r a p h i c a l  

v a r i a t i o n s  from r u n  t o  run.  

When t h e  e x i t  chamber was open t o  a l l o w  mounting o f  a new sample ,  t h e  

monochromator p r o p e r  was v a l v e d  o f f ,  and t h e  EUV d i s c h a r g e  lamp was k e p t  

runn ing .  Once t h e  b e l l  j a r  was r e p o s i t i o n e d  and vacuum pump-down s t a r t e d ,  

i t  was a  matter o f  a  few minu tes  o n l y  b e f o r e  t h e  f i r s t  o b s e r v a t i o n s  c o u l d  

b e g i n .  O v e r a l l  " turnaround" t i m e  was abou t  1 5  minu tes .  

The f i r s t  measurements w e r e  made a t  t h i s  t ime,  p r i m a r i l y  t o  o b s e r v e  

e f f e c t s  of t h e  sample ' s  i n i t i a l  o u t g a s s i n g  and subsequen t  a d s o r p t i o n  o f  

contaminants  from t h e  vacuum ambient .  The former  was due t o  t h e  d e s o r p t i o n  

o f  s u r f a c e  f i l m s  which had been  p i c k e d  up by t h e  sample d u r i n g  exposure  t o  

air b e f o r e  e v a c u a t i o n ;  t h e  l a t t e r  is  thought  t o  be  due t o  t h e  r e s i d u a l  

p r e s s u r e  o f  t h e  s i l i c o n e  pump-oil, among o t h e r  t h i n g s .  G e n e r a l l y ,  t h e  

y i e l d  d r i f t e d  upward, r a p i d l y  a t  f i r s t ,  b u t  g r a d u a l l y  s lowing  w i t h  t i m e .  

A f t e r  twelve h o u r s ,  t h e  a p p a r e n t  d r i f t  was reduced t o  l e s s  t h a n  1% p e r  

h o u r .  S i n c e  p o s s i b l e  s y s t e m a t i c  d r i f t s  o f  t h i s  magnitude may have been  

p r e s e n t  i n  current-measur ing c i r c u i t ,  t h i s  l e v e l  of a p p a r e n t  d r i f t  was 
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a r b i t r a r i l y  d e s i g n a t e d  a s  a  " s teady  s t a t e "  c o n d i t i o n ,  and t h e  f i n a l  

measurements were  t a k e n  a t  t h a t  t ime. The o v e r a l l  d r i f t  f r e q u e n t l y  

ranged between 1 5  and 20% of t h e  i n i t i a l  v a l u e .  

Two types  o f  measurements were invo lved :  y i e l d  and EDPE (energy  

d i s t r i b u t i o n  o f  p h o t o e l e c t r o n s ) .  Although y i e l d  may have v a r i e d  w i t h  t ime ,  

t h e  normal ized  EDPE d i d  n o t  change. Hence, t h e  former was measured much 

more f r e q u e n t l y  t h a n  t h e  l a t t e r .  

The f i n a l  measurements t y p i c a l l y  concluded a s e r i e s  o f  r e t a r d i n g  

r u n s ,  each o f  which invo lved  c u r r e n t  measurements a t  70-80 v a l u e s  o f  t h e  

r e t a r d i n g  p o t e n t i a l s .  A l l  measurements were  r e p e a t e d .  These r u n s  were  

performed d u r i n g  t h e  d r i f t  p e r i o d  and,  e x c e p t  f o r  t h e  s lowly  changing 

magnitude o f  t h e  measured c u r r e n t s ,  t h e y  d i d  n o t  d i f f e r  a t  a l l  from one  

a n o t h e r .  Tha t  i s  t o  s a y ,  t h e  normal ized  r e t a r d i n g  r u n s  were i d e n t i c a l  

b o t h  d u r i n g  and a t  t h e  end o f  t h e  d r i f t  p e r i o d .  

A computer h a n d l e d  t h e  l a r g e  amounts of d a t a ,  pe r fo rming  s i m p l e  b u t  

h i g h l y  r e p e t i t i v e  a v e r a g i n g  and n o r m a l i z i n g  s t e p s .  I t  was i n t e r f a c e d  w i t h  

a p l o t t e r ,  and t h e  combinat ion a c t e d  t o  g i v e  normal ized  g raphs  of I ( V )  and 

~ I ( v ) / ~ v .  A t r a c i n g  o f  t h e  t y p i c a l  o u t p u t  i s  shown i n  F i g u r e  5. The 

s o l i d  l i n e  i s  a graph of t h e  measured c u r r e n t  v a l u e s .  These v a l u e s  were  

e n t e r e d  w i t h  t h e  assumption t h a t  f o u r - f i g u r e  r e l a t i v e  accuracy  e x i s t e d .  

The r e p e a t a b i l i t y  o f  c u r r e n t  d a t a  p o i n t s  t o  b e t t e r  than  one p a r t  i n  a 

thousand s u p p o r t s  t h i s  assumption.  I n  t h e  most i n t e r e s t i n g  r e g i o n ,  between 

+1.00 and -5.00 v o l t s ,  t h e  inc rements  i n  c o l l e c t o r  p o t e n t i a l  sere 100 mv. 

The dashed l i n e  o f  F igure  5 i s  t h e  s l o p e  o f  t h e  r e t a r d i n g  c u r v e ,  t h a t  

i s ,  t h e  a v e r a g e  c u r r e n t  i n  a g i v e n  i n t e r v a l  p l o t t e d  a t  t h e  c e n t e r  o f  t h a t  

i n t e r v a l .  The s u c c e s s i o n  of s m a l l  peaks  and v a l l e y s  n o t e d  p a r t i c u l a r l y  

i n  t h e  n e g a t i v e  t a i l  of t h e  d e r i v a t i v e  c u r v e  a p p e a r s  j u s t  as t h e  measured 
- 12 

c u r r e n t s  drop below . l o 0 0  x  1 0  amp, and t h e  d a t a  c o n t a i n s  t h r e e  f i g u r e s  

on ly .  (We found i t  d e s i r a b l e  t o  remain on t h e  s a w  s c a l e  f o r  a l l .  measure- 

ments because  t h e  o v e r l a p  of s u c c e s s i v e  decades was n o t  s a t i s f a c t o r y  and 

a l s o  because  o f  t h e  l o n g  t ime c o n s t a n t s  invo lved  w i t h  u s i n g  t h e  n e x t  

h i g h e s t  i n p u t  r e s i s t o r .  ) E a r l i e r  r u n s ,  which were programmed t o  t h r e e  

f i g u r e s  o n l y ,  showed t h i s  "noise"  beg inn ing  much e a r l i e r  and becoming 

much l a r g e r  i n  ampl i tude  than i n  t h e  p r e s e n t  c a s e .  Both o b s e r v a t i o n s  

u n d e r s c o r e  t h e  need f o r  h i g h  r e l a t i v e  accuracy  i n  measur ing t h e s e  r e t a r d i n g  



curves .  Obviously t h e  accuracy  of y i e l d  measurements,  which i n v o l v e  t h e  

r a t i o  o f  a b s o l u t e  c u r r e n t  measurements,  i s  l i m i t e d  t o  % 3% by t h e  e l e c t r o -  

meter  accuracy .  

Not a l l  s t u d i e s  were done i n  t h i s  way s i n c e  much i n f o r m a t i o n  c o u l d  

b e  o b t a i n e d  d i r e c t l y  from a  hand-p lo t  of t h e  d a t a .  Th i s  was most con- 

v e n i e n t l y  done i n  semi- logar i thmic  c o o r d i n a t e s ,  a s  shown i n  F i g u r e  6 ,  

where t h e  l o g a r i t h m  o f  t h e  c o l l e c t e d  c u r r e n t  i s  p l o t t e d  a s  a  f u n c t i o n  o f  

t h e  c o l l e c t o r  p o t e n t i a l .  As t h i s  p o t e * t i a l  becomes more n e g a t i v e  w i t h  

r e s p e c t  t o  t h e  p h o t o e m i t t e r ,  i n c r e a s i n g l y  fewer  p h o t o e l e c t r o n s  have  

s u f f i c i e n t  energy  t o  reach  t h e  c o l l e c t o r .  

The i n d i c a t e d  c o r r e c t i o n  t o  c o l l e c t e d  c u r r e n t  i s  a t t r i b u t e d  t o  e l e c -  

t r o n s  g e n e r a t e d  a t  t h e  c o l l e c t o r  by r e f l e c t e d  photons .  I n  t h e  p r e s e n t  c a s e  
-12 

t h e  reverse c u r r e n t  was I = -0.040 x 1 0  amp, though i t  h a s  been observed  
R 

t o  b e  a s  h i g h  as -0.200 x 10-12amp f o r  o t h e r  samples .  Once t h e  measured 

d a t a  (open c i r c l e s )  are augmented by I t h e  c o r r e c t e d  d a t a  ( s o l i d  c i r c l e s )  
R ' 

a r e  p l o t t e d  and a s t r a i g h t  l i n e  drawn t a n g e n t  t o  t h e  g e n e r a l  t r e n d  o f  d a t a .  

It i s  n o t  c l e a r  t h a t  t h e  s l o p e  of t h i s  l i n e  h a s  any p h y s i c a l  meaning,  a s  

i t  does ,  f o r  example,  i n  a  r e t a r d i n g  f i e l d  t h e r m i o n i c  emiss ion  exper iment  

where t h e  a b s o l u t e  t e m p e r a t u r e  T  = ( e l k )  d ~ / d ( l o g I ) ;  b u t  t h e  s l o p e  h a s  

proven t o  b e  a  u s e f u l  q u a n t i t y  i n  a number o f  c a s e s ,  a s  d e s c r i b e d  below. 

The s l o p e  of t h e  t r u e  r e t a r d i n g  l i n e  ( i . e . ,  t h e  d a t a  p l o t t e d  i n  l i n e a r  

c o o r d i n a t e s )  g i v e s  t h e  a p p a r e n t  EDPE (energy d i s t r i b u t i o n  o f  p h o t o e l e c t r o n s ) ,  

N*(E).  I n  t h e  p r e s e n t  c a s e  i t  is c l e a r  t h a t  

where B is some c o n s t a n t .  Q u a l i t a t i v e l y ,  t h e  l a r g e r  t h e  v a l u e  of f3, t h e  

s m a l l e r  is t h e  e x t e n t  t o  which higher-energy e l e c t r o n s  a r e  p r e s e n t  i n  t h e  

d i s t r i b u t i o n .  I f  p l a s t i c  de format ion  and t h e  concomitant  g e n e r a t i o n  of 

c r y s t a l  d e f e c t s  s e r v e  a s  mechanisms f o r  i n c r e a s i n g  i n e l a s t i c  s c a t t e r i n g  

e v e n t s ,  t h e s e  e f f e c t s  a r e  expec ted  t o  a p p e a r ,  b o t h  a s  a  changed v a l u e  f o r  

B as w e l l  a s  i n  t h e  EDPE. 
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3 RESULTS 

3.1 EDPE Measurements 

F igure  7 shows t h a t  B(A1) i s  q u i t e  i n s e n s i t i v e  t o  t h e  e x t e n t  of 

p l a s t i c  deformation. The sma l l  s c a t t e r  i n  B(A1) may be a t t r i b u t e d  t o  

imprec ise  measurement of r e v e r s e  c u r r e n t s  and t o  t he  gene ra l  a r b i t r a r -  

i n e s s  involved i n  drawing a  tangent  l i n e  t o  t he  r e t a r d i n g  p l o t .  

A wholly new s i t u a t i o n  developed f o r  B(Mo), a s  shown i n  F igure  8. 

Here, 6  tends toward succes s ive ly  h ighe r  va lues  wi th  inc reas ing  p l a s t i c  

deformation. The t rend  is  n o t  monotonic s i n c e  P(Mo4) > B(Mo5), b u t  t h e  

s t r o n g  sugges t ion  remains,  none the l e s s ,  t h a t  an i n c r e a s e  of d e f e c t  dendi ty 

i n  Mo l eads  t o  a  decrease  i n  t h e  r e l a t i v e  numbers of hi-gh-energy photo- 

e l e c t r o n s .  Although t h e  reasons advanced t o  exp la in  t h e  s c a t t e r  i n  B(A1) 

apply i n  t h e  p re sen t  case ,  n e i t h e r  unce r t a in ty  i n  drawing t h e  b e s t  B-line 

nor  t h e  unce r t a in ty  i n  determining t h e  r e v e r s e  c u r r e n t  c o r r e c t i o n  s i g n i f i -  

c a n t l y  a l t e r  t h e  p o s i t i o n  and s lopes  of t he  B(Mo) l i n e s .  This much is  

c l e a r  from Figure 6. The conclusion:  deformation has  s u r e l y  a l t e r e d  the  

high energy s i d e  of t h e  Mo EDPE, and i n  such a  way a s  t o  reduce t h e  

r e l a t i v e  numbers of higher-energy e l e c t r o n s .  

S imi l a r  experimentat ion has been conducted us ing  Cu, Fe and N i  

samples. The 6-plot  f o r  t h e s e  show s c a t t e r  s i m i l a r  t o  t h e  A 1  r e s u l t s .  

Hence, t h e s e  i n v e s t i g a t i o n s  r e v e a l  t h a t  photoemission from Ifo, a lone  

among the  f i v e  m a t e r i a l s  s t u d i e d  t o  d a t e ,  c l e a r l y  evidences mechanisms 

which a f f e c t  t he  EDPE. Changes i n  t h e  EDPE a r e  c o r r e l a t e d  wi th  d i s l o c a t i o n  

dens i ty  i n  t h e  Mo case.  

3.2 Yield Measurements 

F igures  9 and 10 summarize our  observa t ions  of t he  dependence of 

y i e l d  upon both wavelength and t r u e  s t r a i n  ( a l t e r n a t i v e l y ,  d e f e c t  concen- 

t r a t i o n ) .  As descr ibed  e a r l i e r ,  t h e  p l o t t e d  p o i n t s  a r e  t h e  r a t i o s  of 

maximum sample c u r r e n t  t o  loop c u r r e n t ,  both measured a t  t h e  end of a  

s u i t a b l e  d r i f t  per iod .  
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The s c a t t e r ,  which is obv ious ly  p r e s e n t  h e r e ,  o b s c u r e s  n e a r l y  a l l  

b u t  t h e  f a c t  t h a t  t h e r e  a r e  no y i e l d s  s t r o n g l y  dependent  on s t r a i n ,  w i t h  
0 0 

t h e  e x c e p t i o n  o f  A1 a t  1216 A ,  and p o s s i b l y  N i  a t  1216 A. No change a t  

a l l  of y i e l d  w i t h  s t r a i n  can b e  c la imed f o r  Fe(584) ,  Fe(1216) ,  Cu(584),  

Cu(1216), Mo(1216, o r  Ni(584) .  The y i e l d  of Al(584) was found t o  b e  

s l i g h t l y  s t r a i n - d e p e n d e n t .  

A smooth c u r v e  h a s  been f i t t e d  t o  each se t  of o b s e r v a t i o n s ,  w i t h  

v a r y i n g  d e g r e e s  of r e l i a b i l i t y .  The 1aides.t s c a t t e r  i s  p r e s e n t  i n  t h e  

Ni(1216) r e s u l t s ,  and t h e  l i n e  drawn t h e r e  i s  indeed  ex t remely  a r b i t r a r y .  

I t s  s i g n i f i c a n c e  does  n o t  ex tend  beyond t h e  o b s e r v a t i o n  t h a t  t h e r e  seems 

t o  b e  a  downward t r e n d ,  pe rhaps  monotonic,  of y i e l d  w i t h  s t r a i n .  . 

The d a t a  s c a t t e r  r e f l e c t s  a l s o  on t h e  d i f f i c u l t y  e x p e r i e n c e d  i n  

d e a l i n g  w i t h  N i  i n  t h e  p r e s e n t  exper iment .  The N i  samples were  found 

c o n s i s t e n t l y  t o  e x h i b i t  t h e  l a r g e s t  and  l e a s t  p r e d i c t a b l e  d r i f t s .  Given 

t h e  p o p u l a r i t y  o f  N i  t a r g e t s  i n  pho toemiss ion  work, f u r t h e r  i n v e s t i g a t i o n  

of t h e  s t ra in -dependence  of t h e  N i  y i e l d  is s u r e l y  i n d i c a t e d .  

The c o r r e l a t i o n  between a d e c r e a s i n g  y i e l d  and an  i n c r e a s i n g  s t r a i n  

f o r  Al(584) is r e a d i l y  a p p a r e n t .  What i s  n o t  c l e a r ,  though,  i s  whether  

t h e  r e l a t i o n  i s  b e s t  d e s c r i b e d  as l i n e a r ,  as s u g g e s t e d  by t h e  f i t  t o  t h e  

i n i t i a l  s e t  o f  d a t a  (open c i r c l e s ) ,  o r  whether  i t  is  e x p o n e n t i a l ,  as 

s u g g e s t e d  by t h e  f i t  t o  a s e t  o f  exper iments  ( s o l i d  c i r c l e s )  performed 

much l a te r  i n  t h e  c o u r s e  of t h e  program. Perhaps  b o t h  t r e n d s  e x i s t  and 

t h e  measured t r e n d  depends s imply on which p a t c h  o r  combinat ion of p a t c h e s  

a r e  b e i n g  s t u d i e d .  I t  h a s  been n o t e d  e a r l i e r  t h a t  t h e s e  exper iments  were 

performed w i t h  p o l y c r y s t a l l i n e  samples and w i t h o u t  s t r i c t  c o n t r o l  of t h e  

sample a r e a  b e i n g  i r r a d i a t e d .  

The two sets of  Al(584) were s e p a r a t e d  by some weeks of exper imenta-  

t i o n  on o t h e r  samples .  Though i t  i s  n o t  c l e a r  why t h e  r e p e t i t i o n  p o i n t s  

l i e  s y s t e m a t i c a l l y  below t h e  i n i t i a l  p o i n t s ,  b o t h  f o r  Al(584) and more 

o b v i o u s l y  f o r  Fe(584) ,  t h e  f o l l o w i n g  cou ld  e x p l a i n  t h e  change: It is  

s p e c u l a t e d  t h a t  t h e  l o o p  s e n s i t i v i t y  i n c r e a s e d  d u r i n g  t h e  c o u r s e  o f  t h e  

exper iments .  S i n c e  a l l  measurements a r e  r e f e r e n c e d  t o  a  s t a n d a r d  l o o p  

c u r r e n t ,  an  i n c r e a s e d  s e n s i t i v i t y  would l e a d  t h e  exper imente r  t o  r e d u c e  

t h e  EUV f l u x  i n  o r d e r  t o  r e t u r n  t o  t h e  s t a n d a r d  c u r r e n t .  With an  

unchanged sample s e n s i t i v i t y ,  t h i s  would mean a  reduced p h o t o - c u r r e n t ,  







such  a s  was observed .  Decomposit ion of pump o i l  by an  EUV beam is  known 

t o  d e c r e a s e  t h e  r e f l e c t i v i t y  of a d i f f r a c t i o n  g r a t i n g , 3 2  and small l a y e r s  

of con tamina t ion  can produce l a r g e  changes i n  pho toemiss ive  p r o p e r t i e s .  33-35 

The sanis  e f f e c t  o p e r a t i n g  on t h e  l o o p  would produce t h e  p u t a t i v e  i n c r e a s e  

i n  l o o p  s e n s i t i v i t y .  A more c o n v e n t i o n a l  means o f  m o n i t o r i n g  EUV f l u x ,  

such  a s  a sodium-salicylate-covered window and a pho to tube  d e t e c t o r ,  would 

e l i m i n a t e  t h i s  ambigu i ty .  

The d i f f e r e n c e s  which may a r i s e  from p a t c h  s t r u c t u r e  a l o n e  a r e  sug- 
0 

g e s t e d  by an  exper iment  performed A1 sample  #6 a t  1216 A, i . e ,  A1 (1216) .  6 
Th is  sample was s l i c e d  i n t o  two p a r t s ,  A16A and A 1  j u s t  b e f o r e  t h e  

6B ' 
f i r s t  exper iment  was under taken .  Samples A 1  t o  A15 had a l r e a d y  been  1 
examined. An exper iment  on A 1  gave r e s u l t s  i n d i c a t e d  by t h e  open c i r c l e s  

6A 
of  F i g u r e  l o b ;  t h e  y i e l d  from t h e  A 1  i n d i c a t e d  by s o l i d  c i r c l e s ,  was 6B ' 
found c l e a r l y  t o  b e  lower  t h a n  t h e  y i e l d  from A16A, Because t h e  exper iments  

were performed w i t h i n  24 h o u r s  of one  a n o t h e r ,  t h e  p o s s i b i l i t y  o f  d r i f t  

i n  l o o p  s e n s i t i v i t y ,  d i s c u s s e d  above i n  connec t ion  w i t h  d rops  i n  t h e  y i e l d s  

o f  Al(584) and  Fe(584) ,  seems t o  b e  excluded.  

An exper iment  o f  a d i f f e r e n t  k i n d  fo l lowed  t h i s  one.  The s u r f a c e  o f  

A16B was s c o r e d  h e a v i l y  w i t h  t h e  b l a d e  of a p e n k n i f e ,  r e -e tched ,  and 

r e s t o r e d  t o  i t s  mount i n  t h e  monochromator e x i t  chamber. The A16B, y i e l d  

d e c r e a s e d  by 25-30% and i s  p l o t t e d  i n  F i g u r e  l o b  as t h e  s o l i d  t r i a n g l e s .  

Though t h e  s u r f a c e  p a t c h  s t r u c t u r e  was undoubtedly  changed by t h e  gouging 

p r o c e s s ,  t h e  pr imary e f f e c t  i s  b e l i e v e d  t o  have been a v e r y  s e v e r e ,  l o c a l  

cold-working and t h e  g e n e r a t i o n  of a much h i g h e r  d i s l o c a t i o n  d e n s i t y  t h a n  

had e x i s t e d  p r e v i o u s l y .  Hence, t h e  t r i a n g l e  p o i n t s  s h o u l d  have been  

p l o t t e d  a t  some h i g h e r  v a l u e  of t r u e  s t r a i n ,  though t h i s  v a l u e  was unknown. 

The y i e l d  v s .  s t r a i n  curve  e x h i b i t e d  a maximum s o l e l y  i n  t h e  c a s e  o f  

Al(1216) .  T h i s  is n o t  c l e a r  i f  t h e  d a t a  o f  A 1  -A1  o n l y  a r e  c o n s i d e r e d .  
1 6A 

However, t h e  A16B measurements must b e  r e g a r d e d  a s  we igh ted  e q u a l l y  w i t h  

t h o s e  of A16A. Moreover, i f  t h e  assumption abou t  t h e  s t a t e  of c o l d  work 

e x i s t i n g  i n  t h e  n e a r - s u r f a c e  r e g i o n  o f  A 1  is c o r r e c t ,  t h e n  t h e r e  i s  6B ' 
a d d i t i o n a l  s t r o n g  ev idence  t h a t  a maximum i n  t h e  y i e l d - s t r a i n  curve  

o c c u r r e d  n e a r  True  S t r a i n  = 0 . 8 .  A t  t h i s  v a l u e  one then  o b t a i n s  t h e  

maximum pho t o e m i s s i o n  y i e l d  f  roln A l .  



The r e s u l t s  of a s e r i e s  of measurements on sample Fe a r e  e v i d e n c e  6 
of one c o m p l i c a t i o n  o f  t h i s  exper iment  i n  i t s  p r e s e n t  form. The measure- 

0 

ments on s i x  Fe samples a t  584 A were preceded un i fo rmly  by e tch i i lg  each 

s u r f a c e  i n  a n  HNO s o l u t i o n  and thoroughly r i n s i n g  each  w i t h  t a p  w a t e r .  
3 

The d a t a  are summarized i n  t h e  open c i r c l e s  of F i g u r e  9a .  

To i n v e s t i g a t e  t h e  p o s s i b l e  e x t e n t  of problems due t o  c h o i c e  o f  an  

e t c h a n t ,  measurements were t h e n  performed on b o t h  s i d e s  of Fe a l t e r n a -  6 ' 
t i n g  NHO and H C 1  e t c h a n t s  between runs .  The o b s e r v a t i o n s  a r e  summarized 

3 
i n  T a b l e  3 and show c l e a r l y  t h a t  t h e  H C 1  e t c h  r e s u l t e d  i n  h i g h e r  y i e l d s .  

The enhancements were  approx imate ly  1 . 5  and 1 . 2  t i m e s  f o r  s i d e s  A and B ,  

r e s p e c t i v e l y .  

TABLE 3 

DEPENDENCE ON ETCHANT OF RELATIVE PHOTOELECTgIC YIELD; 
IRON (SAMPLE 6) IRRADIATED AT 584 A 

- 

Sample Etch Y i e l d  

We a s c r i b e  t h e  y i e l d  changes t o  t h e  f o r m a t i o n  o f  i n s o l u b l e  s u r f a c e  

l a y e r s  i n  one o r  b o t h  c a s e s .  Other  s o u r c e s  of d i f f e r e n c e ,  a change i n  

topography r e s u l t i n g  i n  changed r e f l e c t a n c e  f o r  example,  a r e  p o t e n t i a l  

problems,  b u t  we view them a s  c o n s i d e r a b l y  less e f f e c t i v e  t h a n  v a r y i n g  

s u r f a c e  l a y e r s  i n  a f f e c t i n g  t h e  y i e l d s  o f  t h e  i r o n  samples .  

Unwanted l a y e r s  are t h e  bane of workers  i n v e s t i g a t i n g  s u r f a c e  pro- 

p e r t i e s  of m a t e r i a l s .  They s u r e l y  a f f e c t  pho toemiss ion ,  and we b e l i e v e  



t h e  ev idence  h e r e  c l e a r l y  shows t h e  s o r t  of problems f a c i n g  t h i s  e x p e r i -  
-9 ment a t  p r e s e n t .  C e r t a i n l y  b o t h  improved vacuum c o n d i t i o n s  ( c a .  10 t o r r )  

and p r o v i s i o n  f o r  h e a t i n g  samples i n  s i t u  must p recede  any f u r t h e r  s t u d i e s .  

Otherwise ,  t h e  i n f l u e n c e  of u n c o n t r o l l e d  s u r f a c e  l a y e r s  w i l l  c o n t i n u e  t o  

p r e v e n t  f u l l  and s a t i s f a c t o r y  i n t e r p r e t a t i o n  o f  r e s u l t s .  



4 DISCUSSION OF RESULTS 

The e x p e r i m e n t a l  program d e s c r i b e d  h e r e  i s  t h e  f i r s t  r e p o r t e d  

a t t e m p t  a t  c o r r e l a t i n g  changes i n  b o t h  p h o t o e l e c t r i c  y i e l d  and t h e  

energy  d i s t r i b u t i o n  o f  p h o t o e l e c t r o n s  (EDPE) w i t h  t h e  d i s l o c a t i o n  d e n s i t y  

e x i s t i n g  i n  samples o f  Cu, Fe,  Mo, A l ,  and N i .  Hence, we can make no 

d i r e c t  comparison of t h e  o v e r a l l  r e s u l t s  o f  t h i s  work w i t h  t h o s e  of o t h e r  

programs. 

There  is  t h e  work o f  Veerman, 36 however, which does  b e a r  somewhat on 

o u r  o b s e r v a t i o n s  o f  A 1  and Fe y i e l d s .  He o p e r a t e d  i n  t h e  n e a r  u l t r a -  

v i o l e t  where m i r r o r s ,  l e n s ,  e t c .  can b e  used t o  d i r e c t  and f o c u s  t h e  r a d i -  

a t i o n .  By means of m i r r o r s  o s c i l l a t i n g  abou t  o r t h o g o n a l  a x e s ,  a f o c u s s e d  

UV beam was swept  a c r o s s  t h e  s u r f a c e s  of A 1  samples ,  s u c c e s s i v e l y  i l l u m i -  

n a t i n g  a l l  p o r t i o n s  o f  a r e c t a n g u l a r  a r e a .  The r e s u l t a n t  pho toemiss ion  

was d e t e c t e d  and synchronous ly  d i s p l a y e d  on t h e  s c r e e n  of a s t o r a g e  

o s c i l l o s c o p e .  The r e s u l t  was a raster hav ing  a t h r e e  d imens iona l  appearance .  

D e v i a t i o n s  from a raster of s t r i c t l y  p a r a l l e l  l i n e s  (which would b e  t h e  

r e s u l t  o f  no  pho toemiss ion  o r ,  a t  most,  c o n s t a n t  photoemiss ion)  were  due 

t o  l o c a l  v a r i a t i o n s  o f  t h e  p h o t o e l e c t r i c  r e s p o n s e  t o  t h e  UV beam. Using 

t h i s  approach h e  was a b l e  t o  d e t e c t  and d i s p l a y  s c r a t c h e s ,  c r a c k s  a n d ,  

most i n t e r e s t i n g l y ,  t h e  s t r a i n  f i e l d  p reced ing  an  advancing c r a c k .  

I n  a n o t h e r  a r rangement ,  specimens cou ld  b e  s t r a i n e d  i n  t e n s i o n .  H e  

obse rved  t h a t  t h e  pho toemiss ive  y i e l d s  of Fe  and A 1  i n c r e a s e  w i t h  p l a s t i c  

de format ions  f o r  de format ions  of up t o  20%. There  i s  no  d a t a  beyond t h i s .  

Hence, t h e s e  r e s u l t s  s u p p o r t  t h e  i n i t i a l  upward t r e n d  o f  o u r  r e s u l t s  f o r  

A1(1216),  b u t  do n o t  go f a r  enough t o  comment on t h e  r e a l i t y  o f  t h e  

observed  maxima i n  t h e  s t r a i n - d e p e n d e n t  y i e l d  of Al (1216) .  

The Pe samples were  s t r a i n e d  s t e p  by s t e p .  Each s t r a i n  produced a n  

i n c r e a s e  o f  pho toemiss ion ,  b u t  t h i s  decayed r a p i d l y  toward t h e  l e v e l  

obse rved  a t  t ime  ze ro .  The e f f e c t  seemed t o  be  due 1 )  t o  t h e  g e n e r a t i o n  

o f  a f r e s h  s u r f a c e  d u r i n g  s t r a i n ,  fo l lowed  by 2 )  t h e  con tamina t ion  of 

t h i s  s u r f a c e  by a d s o r p t i o n  from t h e  ambient .  Our f a i l u r e  t o  o b s e r v e  a  

s t r a i n - d e p e n d e n t  p h o t o e l e c t r i c  y i e l d  i n  Fe,  t o  judge by t h e  p r e c e d i n g  

e v i d e n c e ,  i s  a r e s u l t  of o u r  hav ing  p repared  t h e  samples i n  a i r  and hav ing  



made no p rov i s ion  f o r  genera t ing  f r e s h  s u r f a c e  a rea  (by c leaning  o r  by 

s t r a i n i n g ,  a s  Veernian d id )  . 
There a r e  two p a r t i c u l a r  a r eas  which sugges t  comparison wi th  o t h e r  

work, b u t  t h e  sugges t ions  a r e  misleading.  1 )  The Cu EWE measurements 

performed by Berglund and s p i c e r 6  cannot be  compared wi th  t h e  p r e s e n t  

work because of t h e  d i f f e r e n c e s  i n  r e t a r d i n g  f i e l d  geometry: t h e i r s  was 

s p h e r i c a l l y  symmetric whereas ou r s  possessed p l ane -pa ra l l e l  symmetry. 

A s  d i scussed  above, t h e r e  is no necessary  r e l a t i o n  between obse rva t ions  

performed wi th  t h e  two arrangements.  2) An at tempt  t o  draw conclus ions  

about  t h e  wavelength dependence of quantum y i e l d  f o r  the  va r ious  m a t e r i a l s  

is  l i kewise  f r u i t l e s s .  There was no p rov i s ion  h e r e  f o r  measuring abso- 

l u t e l y  the  i n c i d e n t  EUV f l u x ,  no r  f o r  e s t ima t ing  t h e  numbers of e l e c t r o n s  

produced pe r  absorbed photon. This l i m i t a t i o n  and t h e  one desc r ibed  i n  

t h e  preceding paragraph must be removed b e f o r e  f u r t h e r  work is  undertaken,  

Two q u a l i t a t i v e  r e s u l t s  s t and  ou t  a s  t h e  b a s i s  f o r  f u r t h e r  i nves t iga -  

t i o n s  of t h i s  type.  The maximum i n  t h e  s t r a i n - y i e l d  curve f o r  A1(1216), 

once v e r i f i e d  by o the r  experiments,  holds promise f o r  new understanding 

of t h e  fundamental r o l e  of d i s l o c a t i o n s  i n  EUV photoemission. Also, t he  

wide range of s lopes  of EDPE p l o t s  ("6-plots") s i g n a l s  t h e  presence of 

o t h e r  phenomena which a r e  no t  understood and s o  a r e  i n t r i g u i n g  from a 

fundamental p o i n t  of view. 

There i s  p r a c t i c a l  i n t e r e s t  h e r e ,  too.  A number of EUV radiometers  

have been flown i n t o  the  upper atmosphere i n  a  NASA-supported s tudy  of t h e  

EUV f l u x  i n  t h e  geocorona. 37-40 These radiometers  r e l y  on the  photo- 

emission and energy a n a l y s i s  of e l e c t r o n s  from an Ag t a r g e t .  The i n c i d e n t  

r a d i a t i o n  i s  a  composite of a  number of wavelengths,  of course;  hence,  

t h e  observed EDPE is a composite func t ion  of t h e  s t r e n g t h  of t he  va r ious  

l i n e s  and the  s e n s i t i v i t y  of t h e  photoemi t te r  t o  t hese  r a d i a t i o n s .  The 

observed EDPE i s  analyzed i n  t he  l abo ra to ry  i n t o  the  sum of v a r i o u s  wave- 

length-dependent EDPE's i n  a  manner which r e l i e s  on t h e  p r i o r  c a l i b r a t i o n  

of t h e  radiometer  a t  each of approximately four  p r i n c i p l e  l i n e s .  The 

procedure makes obvious assumptions about t h e  d e t e c t o r  s t a b i l i t y  and 

s p e c t r a l  s e n s i t i v i t y ,  It a l s o  r e l i e s  on t h e  near-uniqueness of each of 

t he  EDPEfs. Our r e s u l t s  wi th  the Mo(1216) 6-plots  sugges t  t h a t  one may be 

a b l e  t o  t a i l o r  a  Mo t a r g e t ,  by deforming i t  p l a s t i c a l l y ,  i n  a  way which 

would opt imize the process  of un rave l l i ng  the  var ious  c o n t r i b u t i o n s  t o  

t h e  observed,  composite EDPE. 



This work has been s u c c e s s f u l  a s  an explora tory  program. I n  s p i t e  

of experimental  l i m i t a t i o n s ,  we have been a b l e  t o  i d e n t i f y  anomalies i n  

t h e  Mo 8-plots  and t o  observe t h a t  t h e  y i e l d s  from A 1  and N i  a r e  s t r a i n -  

dependent,  wh i l e  those  from Fe, Cu and Mo appear t o  b e  r e l a t i v e l y  cons t an t .  

These p o i n t s  have been d iscussed  above. 

Here we wish t o  draw toge the r  those  a spec t s  of improvement i n  experi-  

mental approach which a r e  needed t o  improve t h e  r e l i a b i l i t y  of t he  da t a .  

1.) There must be  guarantees  t h a t  t he  s u r f a c e  of each sample ,can be 

prepared i n  a  r e p e a t a b l e  way. This means, i n  p a r t i c u l a r ,  t h a t  a l l  samples 

b e  c leaned  -- i n  s i t u .  The d i f f i c u l t i e s  of r e l y i n g  s o l e l y  on an e t ch  p r i o r  

t o  mounting and evacuat ion have been i l l u s t r a t e d  by t h e  problems wi th  

Fe(584) . 
2.) I f  t h e  samples a r e  t o  b e  cleaned -- i n  s i t u ,  one must then have 

s u f f i c i e n t  t i m e  t o  perform experiments .  Since a  f u l l  l a y e r  of contatrina- 
- 6 

t i o n  i s  depos i ted  i n  one second a t  10 t o r r  (our  p r e s e n t  vacuum l e v e l ) ,  i t  

is impera t ive  t h a t  a d d i t i o n a l  s t a g e s  of d i f f e r e n t i a l  pumping be  added and 

t h a t  u l t r a  h igh  vacuum techniques b e  in t roduced  t o  i n s u r e  a  vacuum of a t  

l e a s t '  10-'torr i n  t h e  EUV e x i t  chamber. 

3 . )  Necessary modi f ica t ions  must be made t o  f a c i l i t a t e  a b s o l u t e  

measurements of EUV f l ux .  This would mean an i o n i z a t i o n  chamber and/or 

sodium s a l i c y l a t e  window p l u s  photomultipl. ier.  

4.)  The r e t a r d i n g  f i e l d  should be  changed t o  one wi th  s p h e r i c a l  

symmetry s o  t h a t  t r u e  EDPE's may b e  measured, and so t h a t  they can be  

compared wi th  publ i shed  s p e c t r a .  The widespread use of m u l t i p l e ,  hemi- 

s p h e r i c a l  g r i d s  i n  low-energy e l e c t r o n  d i f f r a c t i o n  (LEED) and Auger 

spectroscopy has  r e s u l t e d  i n  s t anda rd  ve r s ions  of t hese  becoming com- 

merc i a l ly  a v a i l a b l e .  

5 . )  The e x t e n t  t o  which p o l y c r y s t a l l i n e  e f f e c t s  i n f l u e n c e  p r a c t i c a l  

use of photoe lec t ron  devices  should b e  inves t iga t ed  by s tudying  t h e  pro- 

p e r t i e s  of s i n g l e  c r y s t a l  t a r g e t s .  



6 . )  Two-dimensional scanning of s u r f a c e s  should be implemented by 

use  of a p p r o p r i a t e  p o s i t i o n i n g  and motion dev ices ,  One then could v e r i f y  

t h e  un i for r r~ i ty  of y i e l d  from a sample which had been s t r a i n e d  homogeneously. 

Following t h i s ,  specimens could be  s t r a i n e d  i n  a  known, bu t  non-uniform 

manner, opening t h e  way f o r  s tudy ing  a  continuous range of  s t r a i n  and 

s u r f a c e  cond i t i ons  e x i s t i n g  i n  a  s i n g l e  specimen. The l a t t e r  would be  

h i g h l y  d e s i r a b l e  i n  an u l t r a  h igh  vacuum con tex t  where "turn-around time" 

becomes a  m a t t e r  of  days r a t h e r  than hours .  

7 . )  Once t h e  exp lo ra to ry  s t a g e s  a r e  e f f e c t i v e l y  completed, specimens 

of p a r t i c u l a r  i n t e r e s t  could then be  examined us ing ,  a lone  o r  i n  combina- 

t i o n ,  a wide v a r i e t y  of techniques:  LEED, Auger spec t roscopy ,  e l l i p s o m e t r y ,  

f o r  examples. 

8.) One could begin moving toward " p r a c t i c a l "  s u r f a c e s  by t r e a t i n g  

w i t h  contaminants (gases ,  evaporants )  s u r f a c e s  which had been prepared  

p rev ious ly  under u l t r a  h igh  vacuum cond i t i ons .  
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